A phenomenological theory of random competing spin systems is presented on the concept of the ROP. A new indicator for frustration is introduced and the scaling relations including it are derived. Nonlinear susceptibilities (Xz and X•) are obtained and compared with the experiment by Miyako et al.
Very recently Miyako et aJ.ll , 2 l have observed nonlinear susceptiblities in some dilute magnetic alloys. They (X 2 and X4) seem to show a divergent behavior at the freezing temperature Tr. The divergence of X2 at Tr was predicted first by Katsura 3 l and phenomenologically by SuzukiY Takayama 5 l also obtained this result on the basis of the ROP. 6 l, 7 l Ueno 8 l showed exactly the divergence of X2 in the spherical model with random infinite-ranged interactions.
For the experiments by Miyako et al., 1 , 2 J Suzuki9l gave a comment by presenting a phenomenological theory of the ROP. His theory does not seem to be compatible with the original idea of the ROP nor the experiment. We shall show another one and try to interpret the experiments, in particular, that on (Ti 1 -x V x) 2 03. 2 ) As Toulouse pointed out, 10 l the frustration effect plays an essential role in the competing random bond system. It is necessary for the frustration to occur that the lattice has closed loops. Works based on the ROP took account of the frustration effect by investigating clusters with closed loops.7l ,lu Takayama5l treated this effect by using a phenomenological parameter. On the other hand, in many of the theories in which the Edward-Anderson order parameter was used, it is not clear how the frustration is taken into account.
The replica method of spin glass 12 l seems to obscure it. It is also difficult to trace the effect in the theory of the GLP.13l, 3 l Recently, making use of the gauge invariance and the measure of frustration introduced by Toulouse, several authors studied the ground-state properties 14 Here mi and hi are respectively the mean spin and an external field on the i-th site.
Since the phenomenological theory holds (1) and (2) for T> Tf. Equation (2) is derived by diagonalizing (1); From (5) we obtain the correlation function
where /3=1/kBT. For Ising spins it follows from (6) and (S; 2 ) = 1 *) that :81 (iiJ-)2=/3. 
where (i···k) stands for (Sr··Sk) and we have neglected the non-singular terms.
As mentioned above we introduce the frustration index x; (12) where g (E) is the density of states defined (13) i l
Jo
L being the linear size of the lattice. In order to find a constraint for x, we investigate the Ginzburg criterion 19 l for the validity of the classical approximation, namely, that for neglecting terms other than the harmonic term. For this purpose one has to start with the free energy of functional type, 19 l Let us first consider the case A. Since <S;s) = 0 we obtain the required expression Xo=/3. Substituting (6) into (10) and using (12) lead to
={-a(T) S ddrift
for x>1. For x=1 (16) 
becomes (17)
Since (ijkl) = 0 for combinations of different spins we obtain a nondivergent ;c,. 
where the summation 'i.j' runs only over near neighbor pairs. As long as pairs 
E(ij) (kl).
The parameter E changes at least its sign, depending on the location of the spins for given {Jij}. Therefore the second terms are cancelled out and (19) becomes (20) showing the same singular property as 21 assigned these suppressions to the contribution of the higher order susceptibilities under nonzero external field (20 Oe). However X4 is proportional to X2 with a weak temperature dependent factor in (20) . Therefore X2 has no special negative contribution from X4 even at temperatures quite near 1',. Moreover X6 contributes differently to X2 and X4 , positively or negatively. In spite of these properties, X2 begins to Downloaded from https://academic.oup.com/ptp/article-abstract/63/1/342/1881983 by guest on 26 December 2018 be suppressed at the temperature quite far from Tr(IT~Tri/Tr::::0. 1), and there is, near 1~, no particular difference between %2 and X4• Thus one had better take this behavior as a real fact that X2 and X4 are not divergent at T,. According to de Gennes, 2 u the RKKY interaction damps with the exponent factor equal to the inverse mean free path A -1_
We consider the RKKY interaction without damping as a long-range interaction which can be treated classicallv. Therefore for temperatures at which the correlation length is less than A the system behaves as a classical one with the divergent appearance of X2• For other temperatures much close to 1~ the RKKY interaction with damping is regarded as the short range interaction, so that X2 is not divergent at T,. for d=3 as shown by the high temperature expansion method. 22 l However it is not apparent whether the non-divergence of X2 means the absence of the ordered state or not.
Finally we shall derive some scaling relations. It is convenient to introduce a new correlation length,
which represents the half width of G (E). 
Likewise we obtain
where r;E is defined by G(E)=E-1 n;E at T,. Besides a+ 2{3 + r = 2, (22) and (23) Therefore the free energy 17 ' giving (25) might be right in the classical limit. However serious problems exist sue h as those about the stability below T, and the constraint (7) or (8) below Tr; both of them may be simultaneously resolved by including missing frustrations. Moreover it should be noted that the classical property may depend on the type of interactions as shown by our good explanation to the experiment. 2 l Our introduction of the new index .x is natural and reasonable because x includes also the degeneracy of the ground state and is intimately connected with the critical indices. In other words, x represents an effective dimension of the random systems.
The authors are grateful to Professor Y. Miyako for useful discussions and sencl-
